We aimed to investigate developmental continuities between a range of early social and communicative abilities (including gestural communication) and language acquisition in children aged between 11 and 41 months. Initiation of joint attention and imitation were strongly correlated to language comprehension and production. Moreover, the analysis of different communicative gestures revealed significant relationships between language development and the production of symbolic gestures, declarative pointing (declarative informative pointing in particular), and head nodding. Other gestures such as imperative pointing, showing, and head shaking were not found to correlate with language level. Our results also suggest that distinct processes are involved in the development of language comprehension and production, and highlight the importance of considering various characteristics of children's early communicative skills.
pointing is used to obtain an object or to request a specific action from the adult (Colonnesi, Rieffe, Koops, & Perucchini, 2008) , while the goal of declarative pointing is to share interest with the recipient about an object, event or location (declarative expressive pointing, Liszkowski, Carpenter, Henning, Striano, & Tomasello, 2004) or to provide the recipient with information he/she needs about a specific referent (declarative informative pointing, Liszkowski, Carpenter, & Tomasello, 2008) . The difference between the imperative and declarative functions of pointing has been supported by the study of behavioural markers such as hand shape, hand preference and vocalizations Cochet & Vauclair, 2010; Liszkowski & Tomasello, 2011) , which suggests that the two types of pointing may have distinct origins. Imperative pointing has been hypothesized to develop from non-communicative reaching actions (e.g., through a process of ontogenetic ritualization (Tomasello & Call, 1997) , while the development of declarative pointing may rely on early social-cognitive abilities, including imitation abilities (Camaioni, Perucchini, Bellagamba, & Colonnesi, 2004) . The hypothesis of distinct origins of imperative and declarative pointing raises the question of their respective roles in language acquisition.
Distinguishing between the different functions of pointing is therefore necessary to investigate further the relationship between gestures and language development and determine to what extent this relationship concerns declarative gestures, and especially informative pointing, rather than imperative ones. Declarative informative pointing seems to share several characteristics with language, by both contributing to and reflecting (1) the understanding of others' attentional and knowledge states (Meng & Hashiya, 2014) and (2) the development of cooperation abilities (e.g., Brownell, Ramani, & Zerwas, 2006; Liszkowski, 2005) . In addition, theory of mind abilities (ToM), measured with standard tasks (e.g., Sally-Ann test) in children between 3 and 4 years of age, appear to be significantly related to the production of informative pointing, but not to the production of expressive pointing (Cochet, Jover, Rizzo, & Vauclair, 2015) . Although little is known about the role of informative pointing at earlier stages of development, the production of this gesture during toddlerhood might be closely associated with the development of language and ToM.
The goal of the present study was thus to investigate, with a mixed longitudinal design involving two sessions, whether advancement in early communicative skills was significantly associated with the later emergence of language. While several studies have highlighted the existence of close links between early joint attention skills and language acquisition (e.g., Colonnesi et al., 2008) , to our knowledge there have been no studies so far focusing at the same time (1) on several dimensions of social and communicative development, such as joint attention, gestural communication, imitation and cooperation abilities and (2) on several communicative gestures, including different functions of pointing. We therefore aimed at exploring the relationships between gestural communication (focusing especially on imperative, declarative-expressive and declarative-informative pointing, as well as on symbolic gestures), language development (by differentiating comprehension from production), and social and cognitive abilities like imitation and joint attention (by distinguishing between children's initiating and responsive behaviours). We investigated the dynamics of these relationships both at the same point in time and across development in children from 11 to 41 months of age.
Based on previous work, reviewed above, we expected: joint attention and imitation abilities might correlate with the production of symbolic gestures and declarative pointing, but not with the production of imperative pointing. Early use of declarative pointing (declarative informative pointing in particular) might correlate with language comprehension and production, whereas early use of imperative pointing might not correlate with language development, or with language comprehension only; the production of declarative informative pointing might also correlate with the development of cooperative abilities. More generally, children's responsive behaviours might correlate with language comprehension while children's initiating behaviours might correlate with both language comprehension and production.
Method

Participants
Fourteen children (3 boys and 11 girls) were tested with their mother in the Baby and Child Lab (https://developmentlab.wp.st-andrews.ac.uk) of the School of Psychology in the University of St Andrews. They were recruited in day nurseries, in parent & toddler groups and through advertisement via the Baby and Child Lab website. One child was finally excluded from the data because her language score reached the maximum of the scale used, and may therefore not have been representative of her actual linguistic abilities. Eight children were tested twice. For their first visit, children were between 11 and 33 months of age (N = 13; M = 21 months 8 days; SD = 7 months 6 days). Eight of these came back for the second visit about 10 months later (M = 10 months 14 days; SD = 1 month 5 days), when they were between 21 and 41 months of age (N = 8; M = 29 months 9 days; SD = 7 months 1 day). The 5 other children could not come for the second visit due to moving house or other reasons for unavailability.
Procedure
Prior to the experiment, the experimenter explained the research goals to the parents in the testing room, who then completed an informed consent form and filled in the parental questionnaires. Meanwhile, the child was encouraged to familiarize himself/herself with his/her environment. Most of them were seated on cushions on the floor and played with toys offered by the experimenter. The parent was then encouraged to interact with his/her child during this warm-up period to make him/her feel secure. For those children who could be tested twice, the procedure was identical for the two sessions (T1 and T2).
During testing, children were seated at a table on a chair (child-sized furniture was used), across from the experimenter who was kneeling on the floor to remain at the child's level. Parents were asked to remain silent and not to initiate communicative behaviour toward their child, but they could intervene if the latter showed any sign of disengagement. A set of 25 semi-structured communicative situations based on the abridged Early Social Communication Scale (ESCS, Mundy et al., 2003 ; see also Seibert, Hogan, & Mundy, 1982 and Guidetti & Tourrette, 2009 1 ) were set up to elicit interactions between the child and the experimenter (see the Measures and material section for a complete description). These situations required between 15 to 25 minutes to be administered. Although some of them were likely to elicit communicative gestures, we set up additional situations in contexts of shared activities to collect further data on gestural communication: we focused on the main gestures produced by children under the age of 4, namely pointing gestures (distinguishing between: imperative, declarative expressive and declarative informative), showing gestures, and symbolic gestures. Eliciting situations, based on previous studies (Blake, O'Rourke, & Borzellino, 1994; Cochet & Vauclair, 2010) are described in Table 1 . Four trials were administered for each category of gestures, leading to a total of 20 trials in each session, distributed across the whole session in order to preserve natural communicative contexts and avoid repetitive behaviours. The order of the 20 trials was counterbalanced between children.
We also recorded gestures produced by the children in response to the communicative situations from ESCS, so that the number of gestures produced could be analysed as a dependent variable. Definitions and details of operationalization are given for each gesture in the Measures section. 
Gesture
Eliciting situation
Showing gestures
After the child had been given an object (in the imperative pointing task, for example), the experimenter verbally expressed some interest in the object so that the child held it up in the experimenter's line of sight. To distinguish between showing gesture and giving/offering action, the experimenter did not request or extend her arm toward the object. Instances in which the child prolonged his/her gesture to give the object to the adult were coded as "giving actions".
Symbolic gestures
Several situations involving puppets were used to elicit waving gesture as a greeting (the hand is raised towards the recipient and possibly moves to and fro), no gesture to ask the puppet not to do something stupid (the whole hand or the index finger is raised and oscillates from right to left), hush gesture to ask for silence (the index finger is placed over the mouth), and thumb up gesture in approval (the closed fist is held with the thumb extended upward).
Imperative pointing
The experimenter handled an attractive toy and put it on the table, beyond the child's reach. The experimenter showed interest in the toy and gave it to the child if the latter produced a pointing gesture. If the child did not produce any gesture within 15 seconds, the trial was over. Different toys were used for the 4 trials.
Declarative expressive pointing
Declarative expressive situations are characterized by a surprising and/or interesting object or event that the child wants to indicate to the experimenter to share his/her enthusiasm. We used out of reach wind-up toys that were activated, as a surprise, by the experimenter during testing. When the child produced a pointing gesture, the experimenter emoted positively about the referent for a few seconds but did not give the toy to the child.
Declarative informative pointing
The experimenter pretended to need a specific object that she had been using earlier in the session. We used everyday objects (i.e., a pen, a small scarf, a phone, glasses) that we thought would not be particularly attractive to the children, or at least, not as interesting as the toys used for the imperative task. The experimenter first glanced around the room and verbalized a sentence such as "where did I leave my glasses?", without directly speaking to the child and without looking at him/her. When the child pointed toward the object, the experimenter retrieved it and thanked the child for his/her help. If no pointing was produced within 15 s, the experimenter directly asked the child "Have you seen my glasses?" and waited for the child's reaction for a further 10 s.
All sessions were videotaped. The video camera was oriented to enable the recording of a three-quarter to full-face view of the child as well as a profile view of the experimenter.
Approval for this research has been obtained from the Ethics Committee of the School of Psychology.
Measures and material
Language level. The British version of the MacArthur Communicative Development Inventories (MCDI, Hamilton, Plunkett, & Schafer, 2000 ; see also Fenson et al., 2007 ) was used to assess language level. This parental questionnaire assessed the number of words understood and the number of words spoken and understood by the child (out of the 614 words examined in the questionnaire). More detailed analyses can be performed by distinguishing linguistic categories, for example nouns from prepositions or pronouns. The raw scores corresponded to the total number of words understood and to the total number of words understood and produced by the child. This questionnaire is conventionally used for children up to 30 months, but it was considered a valid measure even for slightly older children, as there was no ceiling effect in the scores obtained (the children included in the final sample did not reach the maximum score, in any of the sessions).
Social interaction skills. Several toys and objects (e.g., ball, car, picture book, mechanical toys, hat, glasses, comb) were used for the ESCS standardized situations, thus allowing comparison across children. Behaviours were coded from videotaped records and classified into six categories according to (1) the child's communicative goal and (2) whether the child initiated or responded to the interaction. Communicative goals described in the ESCS are divided into three categories, defined as follows (Guidetti & Tourrette, 2009; Mundy et al., 2003) : (a) joint attention behaviours when children share experience of objects or events with the adult, (b) behavioural requests when children seek to obtain an object or a specific action from the adult, and (c) social interaction behaviours when children seek to engage in playful and happy turn taking with the adult. Examples of behaviours included in each category are presented in Table 2 . Six scores were thus obtained, corresponding to the number of behaviours observed in the different categories.
In addition, we set up a parental questionnaire to get further measures of children's social and communicative behaviours (see Appendix 1), which may be useful in cases when the child does not interact with the experimenter as willingly as he/she does with his/her parents. Parents were asked to answer 13 yes-or-no questions divided into three sections: imitation skills, gestural communication, and cooperative behaviours. The score corresponded to the total number of yes-responses, a higher score indicating higher skills. Sub-scores were also calculated for each section. have a more arbitrary relationship with their objects, based on conventionality or habit (see Table 1 for more complete definitions). To make sure that the gestures produced were communicative and intentional, several criteria were used: (1) the gesture had to be produced and directed toward a recipient, (2) the gesture was accompanied by visual-orienting behaviours, including gaze alternation between the recipient and the object or event being referred to, and (3) children were likely to repeat their gesture if they fail to produce the desired effect on their communicative partner (e.g., Meguerditchian, Cochet, & Vauclair, 2011) . Instances that did not meet at least one of these criteria, both in situations from ESCS and gestural communication tasks, were not included in the analyses. Moreover, to determine children's communicative intention when they produced a gesture, we noted the behaviour that followed the adult's first reaction to their signal. Children may display signs of dissatisfaction and repeat their gesture if they do not achieve their goal the first time around (e.g., Liszkowski et al., 2004) . If children seemed dissatisfied when the adult commented on the object or event of interest in the declarative pointing tasks (i.e., if they whined, cried, and/or prolonged or repeated their pointing gesture), we inferred that their motive was imperative rather than declarative (Carpenter et al., 1998; Cochet & Vauclair, 2010) . We also used these criteria for the experimental pointing situations (see above). If the function of the gesture did not match the different pointing situations, or if it could not be clearly established, the gesture was not taken into account for the analyses.
Hand shape. Pointing was coded as index-finger gesture when the index finger was extended and the other fingers tightly or more lightly curled, and as whole-hand gesture when all the fingers were extended without any finger clearly distinct from the others.
Inter-observer reliability
An additional coder, blind to the research objectives, rated 4 of the 21 videos obtained in total (19%). Cohen's kappa coefficients for the intentionality of gestures, the category of gestures, the function of pointing, and hand shape of pointing were .82, .96, .79, and .86, respectively. Coefficients for the six categories of the ESCS (see Table 2 ) varied between .73
and .92.
Analyses
Two series of analyses were performed: first, we examined overall relationships between variables of interest at T1 (N = 13; we did not perform these analyses at T2 due to the smaller sample size, N = 8). Second, we performed longitudinal analyses between T1 and T2 (N = 8). For each series of analyses, we focused on the relationship between socialcognitive skills (parental questionnaire scores and ESCS scores), gestural communication and language. As most of our variables were not normally distributed, we used non-parametric tests, including Spearman's rank correlations, Wilcoxon signed-rank tests, and Mann-Whitney U tests. did not significantly change with level of language comprehension or production, whereas the production of informative pointing was positively correlated with both language production, rs = .77; p < .01, and comprehension, rs = .84; p < .001. The production of expressive pointing, symbolic gestures, and head nods were significantly correlated with language production (rs = .57; p < .05; rs = .59; p < .05; rs = .72; p < .01, respectively), but the correlations did not reach significance level for language comprehension (rs = .55; p = .051; rs = .50; p = .082; rs = .53; p = .62, respectively).
Results
Relationships between Social Skills, Gestures and
Second, we focused on the relationship between the social skill variables assessed through the parental questionnaire (i.e., imitation, gestural communication, and cooperation) and communicative abilities. The production of gestures, each category being considered separately, was not found to correlate with any of the social skills scores. The gestural communication score was significantly correlated to language comprehension and production, rs = .60; p < .05 and rs = .70; p < .01, respectively; the imitation score was correlated to language production, rs = .74; p < .01, but not to language comprehension, rs = .53; p = .06; and correlations between the cooperation score and language measures were not significant, rs = .25; p = .41 for language comprehension, and rs = .19; p = .54 for language production.
Third, we analysed the relationships between the social skill variables assessed with the ESCS, the different types of gesture produced and language level. Initiation of joint attention score (IJA) was found to be correlated to language comprehension and language production, rs = .79; p < .01 and rs = .82; p < .001, respectively, whereas correlations were not significant for response to joint attention score (RJA), rs = .30; p = .31 and rs = .27; p = .37, respectively. Initiation of social interactions score (ISI) was correlated to language comprehension, rs = .68; p < .01, but not to language production, rs = .50; p = .084, and response to social interactions score (RSI) was correlated to language comprehension, rs = .72; p < .01, and language production, rs = .69; p < .01. As to the behaviour request category, only the response to behaviour request score (RBR) was significantly correlated to language comprehension, rs = .59; p < .05.
We did not analyse the relationships between the production of gestures and the six general ESCS categories, as some of these categories included measures of gestural communication, but analyses with sub-categories of ESCS revealed some significant correlations. The ability to follow the adult's pointing was positively correlated to the number of children's expressive pointing, rs = .79; p < .01, and informative pointing, rs = .68; p < .01.
The frequency of gaze alternation between the adult and the object of interest was correlated to the number of head nods, rs = .78; p < .01, symbolic gestures, rs = .65; p < .05, informative pointing, rs = .63; p < .05, but correlations were not significant with the number of head shakes, rs = .21; p = .49, imperative pointing, rs = .08; p = .79, expressive pointing, rs = .49; p = .086. The frequency of point following and the frequency of gaze alternation between the adult and the referent were also correlated with language level (with language comprehension, rs = .74; p < .01 and rs = .72; p < .01, respectively, and with language production, rs = . 65; p < .05, and rs = .78; p < .01, respectively).
Form of pointing gestures. Mean percentages of index-finger gestures (and standard deviations) for imperative pointing (N = 13), declarative expressive pointing (N = 11), and declarative informative pointing (N = 7) were respectively 12.9% (12.8), 86.6% (29.5) and
92.9% (18.9). These percentages were significantly different between imperative and expressive gestures, Z = 2.80; p < .01, and between imperative and informative gestures Z = 2.37; p < .05. Spearman correlations revealed that the proportion of index-finger pointing, all functions taken into account, significantly increased with age, rs = .77; p < .01, and with language level (both with language comprehension, rs = .73; p < .01 and language production, rs = .84; p < .001). This result may reflect the increase in the amount of declarative pointing produced (mainly index-finger gestures) as children's age and language level increased (see above). Indeed, none of the correlations were significant when we considered each function of pointing separately, suggesting that imperative and declarative gestures were characterized by different hand shapes, which did not seem to change in the course of development.
The significant relationships observed at T1 are summarized in Figure 2 . Longitudinal Analyses between T1 and T2 (N = 8)
Mean language scores and mean number of gestures produced at T1 and T2 are presented in Table 3 . Wilcoxon signed ranks tests were used to compare the different abilities assessed during the first and second sessions. Language scores (both comprehension and production)
were of course higher at T2 than at T1, for each linguistic category (nouns, verbs, adjectives and prepositions). Language comprehension at T1 was significantly correlated to both language comprehension and language production at T2 (rs = .72; p < .05, and rs = .75; p < .05, respectively). Language production at T1 was correlated to language production at T2, rs = .87; p < .01, but not to language comprehension at T2, rs = .54; p = .17.
Scores of social abilities did not significantly differ between T1 and T2 for the six categories assessed with the ECSP (see Table 2 ), however, when more specific categories were considered separately, the number of giving actions was found to be higher at T1 (M = 11.0, SD = 4.6) than at T2 (M = 4.9; SD = 2.7), Z = 2.10; p < .05. Moreover, children produced more gaze alternations between the adult and the object of interest at T2 than at T1, Z = 2.17; p < .05. Children also followed more frequently the experimenter's gaze at T2 than at T1 (RJA, see Table 2 ), Z = 2.37; p < .05.
There were no significant differences between T1 and T2 in the frequency of pointing, whatever the function considered, or in the frequency of showing gestures, head nods and head shakes. However, children produced more symbolic gestures at T1 (M = 2.6, SD = 2.9) than at T2 (M = 0.63; SD = 1.1), Z = 2.03; p < .05.
In addition, the total number of gestures produced at T1 was significantly correlated to language comprehension at T2, rs = .71; p < .05, but not to language production, rs = .60; p = .12. Nevertheless, we found a relationship between language production at T2 and some of the gestures produced at T1: production score was correlated to the amount of expressive pointing, rs = .71; p = .050, and to the amount of informative pointing, rs = .83; p < .05 (but not to the amount of imperative pointing, rs = .19; p = .65).
In addition, we created new variables as indicators of individual development between the two sessions, by subtracting the scores obtained at T1 to those obtained at T2. Our goal was to describe the relationships between the socio-cognitive skills assessed with the ESCS, communicative gestures and language level by taking into account the developmental dynamic between the two sessions. Increase in language comprehension score was found to be correlated to the increase in the frequency of pointing, rs = .71; p < .05. When each function of pointing was considered separately, the correlation was actually only significant for informative gestures, rs = .76; p < .05. Increase in comprehension score was not correlated to any variation in ESCS scores. Moreover, increase in language production score was not correlated to any difference in the number of gestures produced or in the ESCS scores.
Discussion
In the present study, we set up semi-structured situations based on the early social communication scale (ESCS) to assess children's communicative profile between 1 and 3 years of age. We focused more specifically on the development of gestural communication by recording the number of gestures produced by children, including giving, showing, pointing and symbolic gestures. We also assessed the form (hand shape) and the function of pointing.
Our main objectives were to determine (1) which early socio-cognitive abilities are associated to the development of gestural and verbal communication and (2) whether some kinds of gesture might play a stronger role than others in language acquisition.
Language level was found to be positively and significantly correlated to scores reflecting skills in joint attention, imitation and gestural communication. More specifically, language development was correlated to gaze following and gaze alternation between the recipient and the object or event being referred to. It is of course difficult to address the directionality underlying this relation, but joint attention has long been regarded as an important, though not sufficient, precursor to young children's language acquisition (e.g., Akhtar & Gernsbacher, 2007; Carpenter et al., 1998) , and gaze alternation has been described as a key indicator of referentiality and intentionality, which, in conjunction with other behaviours, may reflect infants' understanding of the adult's attention and intention (e.g., Akhtar & Gernsbacher, 2008; Moll & Tomasello, 2004) . These capacities may increase the frequency and complexity of interactions, thus further enhancing communication skills: the amount of time infants spend in joint attention with their parents was for example shown to influence pointing onset (Liszkowski, 2011) .
Our results also suggest that the role played by children in these interactions impacts on language development: initiation of joint attention was found to correlate with both language comprehension and production, whereas response to joint attention did not correlate either with language comprehension or production. The ability to initiate situations in which one attends to something in common with a communicative partner, both being aware that they are paying attention to the same referent, has indeed been put in relation with infants' developing understanding of others' behaviour and, gradually, with the understanding of the mental states that precede and motivate these behaviours (e.g., Carpendale & Lewis, 2004; Colonnesi et al., 2008; Heimann et al., 2006; Meltzoff, 1995) . Imitation skills may also facilitate the development of language production by promoting affiliation with others; there is growing evidence that imitation is more than a simple transmission process of instrumental skills, which may for example explain the existence of over-imitation in typical development (Nielsen & Blank, 2011) . Moreover, initiation of behavioural requests was correlated neither with language comprehension nor production, suggesting that infants' attempts to elicit a specific action from the adult do not require or support language development. By contrast, the ability to respond to a request from the adult was correlated with language comprehension, but not with language production. The use of the ESCS thus allowed us to identify the communicative skills associated with language level by considering children's role in the interactions.
Another of our objectives was to describe the relationships between the production of gestures and language development. Gestural communication is considered a key precursor to human verbal communication, allowing infants and children to initiate and maintain shared experience with others (e.g., Iverson & Goldin-Meadow, 2005; Liszkowski, 2008) , but this relation may vary according to the kind of gestures taken into account. In the present study, children produced more symbolic gestures (e.g., waving hello, hush gesture, thumb up gesture, etc.) during the first session than during the second one about ten months later, consistent with the idea that verbal language gradually takes over the functions of symbolic communication (e.g., Goodwyn et al., 2000) . Moreover, in the first session, the frequency of symbolic gestures was correlated to language production, which could be explained by their common features: symbolic gestures and verbal language refer to a specific and fixed semantic content, resulting from social convention established within interactions. However, symbolic gestures were sometimes difficult to elicit in this experimental context, resulting in a low number of gestures produced. It seems necessary for future studies to think about situations that could trigger spontaneous symbolic gestures, yet in a controlled environment.
The frequency of declarative pointing was also found to increase with language level.
Children have previously been reported to use more and more deictic gestures over the second
year (e.g., Camaioni, Aureli, Bellagamba, & Fogel, 2003) , but our results have shown that this increase does not apply to imperative pointing. The distinction between these two functions of pointing was also highlighted by a clear difference in hand shapes: imperative pointing was mostly characterized by whole-hand gestures whereas declarative pointing was characterized by index-finger pointing (see , for a more complete description of morphological differences between imperative and declarative pointing). The relationship between language and declarative pointing was especially strong for declarative informative pointing, both for language production and comprehension, whereas the production of declarative expressive pointing was only correlated with language production. These results, considering first the low number of informative gestures produced by children, and second, the higher inter-individual variability in language production than in language comprehension (O'Reilly, Painter, & Bornstein, 1997), emphasize the primary importance of declarative pointing compared to imperative pointing in language acquisition (see also Cochet et al., 2011 and Colonnesi et al., 2010) . Declarative pointing, which has been described as a universal form of human gestural communication, emerging in all cultures within the same age range (Liszkowski, Brown, Callaghan, Takada, & De Vos, 2012) , may thus appear as a valuable way for young children to build up social, cognitive and motivational skills from which language develops. Informative pointing in particular has been argued to require the ability to coordinate appropriately with a communicative partner, by providing him/her helpful information .
However, the production of communicative gestures, including declarative pointing, was not significantly correlated to social skills scores. Our results therefore do not support the hypothesis according to which the emergence of declarative pointing relies on early socialcognitive abilities such as imitation and cooperation (e.g., Cochet & Vauclair, 2010) . As cooperation abilities were not correlated to language level in the present study, and yet have been argued by several researchers to play a role in the emergence of language (e.g., Bullinger, Zimmermann, Kaminski, & Tomasello, 2011; Hamann, Warneken, Greenberg, & Tomasello, 2011) , we can hypothesize that the measures we used were not accurate enough to decipher the complexity of social skills. Further analysis of imitation and cooperation abilities would be needed to tackle this issue, by combining the use of parental questionnaire and direct measures through experimental tasks. Another limitation of our study lies in the small number of participants: although the present results can be considered as a first step that may help identifying directions for future research, their generalization is undoubtedly restricted.
In addition, the frequency of showing gestures was not found to increase with language level, but we did not identify the function of each gesture, as determining the child's intention when he/she presented an object to the adult has proved more difficult than for pointing. Distinguishing between imperative and declarative showing gestures might reveal differences parallel to the ones observed for pointing gestures, and should therefore be considered in future research. Moreover, the production of giving actions was more frequent during the first session than during the second one. Giving an object to the adult is an efficient way for the infant to initiate social interactions, but it provides a rather limited range of communicative possibilities and, contrary to pointing gestures, giving actions may not consistently provoke comments from adults likely to shape infants' linguistic environment and thus favour language acquisition (Kishimoto, Shizawa, Yasuda, Hinobayashi, & Minami, 2007) . Finally, the production of head nods was found to be correlated language production.
Toddlers frequently use head gestures to express agreement, and these are not only carried over into the linguistic period but also become more and more coordinated with speech from 18 to 30 months of age (Andrén, 2014) . Moreover, children have been reported to produce more agreement messages than refusal ones after 2 years of age (Guidetti, 2005) , which might explain why we did not observe the same correlations for head shaking. These gestural forms, primary means of expression for the youngest children, have been argued to be part of language (Andrén, 2014) .
Conclusion
Several researchers have investigated the relationship between early social and cognitive skills, gestural communication and language acquisition, but this study is the first of its kind to analyse specific characteristics of communication abilities, and by considering different categories of gestures (including a description of the form and the function of pointing) and different roles of the children in the interaction (initiation vs. response). Our results have highlighted the importance for young children of initiating joint attention and imitating to develop language, and language production in particular. In addition, the use of declarative expressive pointing, symbolic gestures and head nodding were significantly related to language production, and the use of declarative informative pointing was strongly correlated with the development of both language production and comprehension. These results may have important implications for developmental psychology, as they may allow researchers to improve language evaluation and intervention programs, including for children who present communication disorders.
Because such abilities emerge within interactions, it will be necessary in future studies to also take into account the coordination between caregivers' and children's communicative behaviour. For instance, there seems to be a close relationship between adult's and infant's pointing (Liszkowski et al., 2012) , and social feedback from caregivers can influence infants' gesture-vocal combinations (Miller & Lossia, 2013) . The analysis of these interactions, along with a systematic description of gestures and other socio-cognitive abilities such as joint attention, imitation and cooperation, may help getting a more thorough picture of communicative development in the child's first years.
